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BACKGROUND: Neighborhood-level characteristics,
such as poverty, have been associated with risk fac-
tors for heart failure (HF), including hypertension
and diabetes mellitus. However, the independent as-
sociation between neighborhood poverty and incident
HF remains understudied.
OBJECTIVE: To evaluate the association between neigh-
borhood poverty and incident HF using a “real-world” clin-
ical cohort.
DESIGN: Retrospective cohort study of electronic health
records from a large healthcare network. Individuals’ res-
idential addresses were geocoded at the census-tract level
and categorized by poverty tertiles based on American
Community Survey data (2007–2011).
PARTICIPANTS: Patients from Northwestern Medicine
who were 30–80 years, free of cardiovascular disease at
index visit (January 1, 2005–December 1, 2013), and
followed for at least 5 years.
MAINMEASURES: The association of neighborhood-level
poverty tertile (low, intermediate, and high) and incident
HF was analyzed using generalized linear mixed effect
models adjusting for demographics (age, sex,
race/ethnicity) and HF risk factors (body mass index,
diabetes mellitus, hypertension, smoking status).
KEY RESULTS: Of 28,858 patients included, 75% were
non-Hispanic (NH) White, 43% were men, 15% lived in a
high-poverty neighborhood, and 522 (1.8%) were diag-
nosedwith incidentHF.High-povertyneighborhoodswere
associated with a 1.80 (1.35, 2.39) times higher risk of
incident HF compared with low-poverty neighborhoods
after adjustment for demographics and HF risk factors.
CONCLUSIONS: In a large healthcare network, incident
HF was associated with neighborhood poverty indepen-
dent of demographic and clinical risk factors.
Neighborhood-level interventions may be needed to com-
plement individual-level strategies to prevent and curb
the growing burden of HF.
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INTRODUCTION

In the USA, heart failure (HF) remains a leading cause of
healthcare expenditures, morbidity, and mortality.1 While ef-
forts to prevent HF have largely focused on individual-level
traditional risk factors, such as diabetes mellitus (DM), hyper-
tension, and ischemic heart disease (IHD), it is evident that
socioeconomic factors play a significant role in the incidence
of, and outcomes related to, HF.2–4 In fact, individuals living
below the poverty line have been shown to develop HF more
than 5 years earlier than those living above the poverty line.5

While the effects of multiple individual-level socioeconomic
factors—including educational attainment and employment
status in addition to personal income—have been emphasized
in HF research, there is mounting evidence that neighborhood-
level factors may also drive a proportion of HF risk.4, 6–10

Prior analyses have demonstrated robust associations be-
tween neighborhood poverty and key HF risk factors, suggest-
ing the existence of “a place-based health disadvantage”.11–14

These findings have provided insight into potential prevention
strategies (e.g., improving neighborhood access to fresh foods
or green spaces) and highlight why individualized strategies to
prevent cardiovascular disease (CVD) that do not address the
patient’s social context may fall short.12 Akwo et al. recently
described the association between neighborhood deprivation
and risk of incident HF among low-income individuals includ-
ed in the Southern Community Cohort Study, a prospective
cohort from the National Cancer Institute, who had Medicare
or Medicaid.10 However, it is not clear if these findings are
broadly generalizable to inform effective HF prevention and
management across a broad range of ages in a diverse popu-
lation that includes private insurance and uninsured adults.
Therefore, we sought to determine the association between
neighborhood poverty and HF risk using a real-world sample
from a large healthcare network.

Received September 29, 2020
Accepted March 31, 2021
Published online May 7, 2021

3719

http://crossmark.crossref.org/dialog/?doi=10.1007/s11606-021-06785-7&domain=pdf


METHODS

Study Design

This analysis was a retrospective cohort study of a real-world
sample of Illinois residents using electronic health record
(EHR) data obtained from the Northwestern Memorial Enter-
prise Data Warehouse (NMEDW). The NMEDW includes
clinical, laboratory, and prescribing information for more than
6.6 million individual patients served by Northwestern Med-
icine (NM)-affiliated hospitals, over 200 primary care clinics,
and specialists across the greater Chicago area.15–17 This
analysis was approved by Northwestern University’s Institu-
tional Review Board which granted a waiver of documenta-
tion of consent.

Analytic Sample

Individuals between the ages of 30 and 80 years who identi-
fied as non-Hispanic (NH) Black, NH White, or Hispanic/
Latinx, had a clinic visit at an internal medicine or cardiology
clinic in NM between January 1, 2005, and December 1, 2013,
and a follow-up encounter at least 5 years later were eligible
for inclusion. We excluded patients with preexisting CVD
based on the presence of International Classification of Dis-
eases 9th and 10th revision (ICD 9/10) codes for IHD, HF,
peripheral arterial disease, cerebrovascular disease, or a
pacemaker/ implantable cardioverter-def ibr i l la tor

(Supplementary Table 1). We excluded patients who were
not residents of Illinois (N = 319) and those with insufficient
address data to define the exposure (neighborhood poverty, N
= 2,165) for a final analytic sample of 28,858 as shown in
Figure 1.

Exposure Assessment of Neighborhood Poverty

Figure 1 Inclusion diagram for analytic sample. Flowchart describing analytic sample from the Northwestern Medicine Enterprise Data
Warehouse (NMEDW).
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Patient addresses were based on administrative data collect-
ed closest to date of study inclusion and were geocoded and
matched to census tracts using ArcGIS Pro.10, 18

Neighborhood-level poverty was defined as the proportion
of individuals living below the poverty threshold using 5-
year (2007–2011) census-tract level estimates from the
American Community Survey accessed via the Integrated
Public Use Microdata Series National Historical Geograph-
ic Information System.19 The 5-year period from 2007 to
2011 was selected as it was positioned in the midpoint of
data collection. Poverty thresholds were based on the federal
poverty threshold weighted by household size, number of
children, and, if the household consisted of one or two
individuals, whether the head of household was over the
age of 65.20 Tertiles of the sample’s distribution of neigh-
borhood poverty were used to categorize neighborhood
poverty as low, intermediate, or high.10, 18 Low-poverty
neighborhoods were defined as those where < 7.3% of
households were living in poverty, intermediate-poverty



Figure 2 Histograms of neighborhood poverty tertiles based on a patients’ census-tract level and b all Illinois census tracts. This two paneled
figure shows a a histogram presenting the number of included NMEDW patients who fell into each neighborhood poverty tertile and b a

histogram presenting the number of Illinois census tracts in each poverty tertile. Patients were classified into tertiles according to the percent of
households living below the poverty line in their census tract as shown in panel a. The lowest poverty tertile included census tracts with < 7.3%
of households living below the poverty line, the intermediate-poverty tertile included census tracts in which ≥ 7.3% and ≤ 15.9% of households
lived below the poverty line, and highest poverty tertile included census tracts where ≥ 16% of households were living below the poverty line.

Tertiles defined by state-wide census data as shown in panel b for comparison.
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neighborhoods were those with 7.3 to 15.9% living in pov-
erty, and high-poverty neighborhoods were those with ≥
16% living in poverty (Fig. 2, Supplementary Figure 1).

Covariates

All covariates were based on administrative or clinical data
collected at the index outpatient encounter. Included demo-
graphic covariates were age, sex, and race/ethnicity, and HF
risk factors included smoking status (current vs. former/never
smoker), body mass index (BMI, kg/m2), hypertension, and
DM. Hypertension and DM were defined by ICD-9/10 codes
(Supplementary Table 1) or use of antihypertensive or
antihyperglycemic medications/insulin (Supplementary Ta-
ble 2) as indicated on home medication lists, respectively.
Systolic blood pressure (SBP) and hemoglobin A1c (HbA1c)
were determined using the recorded values at the outpatient
encounter but were not included in the definitions of hyper-
tension or DM given a large amount of missing data. Individ-
ual insurance status, a proxy for individual socioeconomic
status included in our dataset, was categorized as (1) private,
(2) public aid/Medicaid, (3) Medicare, or (4) self-pay. Given a
high degree of missingness (> 20%), it was included only in
supplemental analyses.

Outcome Ascertainment for HF

The primary outcome of interest was HF within 5 years of
index encounter. Incident HF was defined by the presence of
one inpatient HF ICD-9/10 code or two outpatient HF ICD-9/
10 codes based on prior published EHR-based studies dem-
onstrating a positive predictive value of 97% for adjudicated

HF with this algorithm.21 Incident IHD was also recorded
based on ICD-9/10 codes (Supplementary Table 1).

Statistical Analysis

Descriptive statistics were calculated for the overall population
and by neighborhood poverty tertiles. Generalized linear
mixed effects models with a logit-link function were used to
evaluate the association between neighborhood poverty and
incident HF while accounting for the non-independence of
patients residing within the same census tract using a random
intercept for census tract. Given the low incidence of HF
events (< 2% of the population with incident HF), the resultant
ORs approximate risk ratios (RR).22Models were sequentially
adjusted for baseline demographics and HF risk factors to
account for partial mediation and possible confounding:
(model 1) univariate, unadjusted model; (model 2) adjusted
for demographic characteristics (age, sex, race/ethnicity);
and (model 3) further adjusted for HF risk factors (BMI [kg/
m2], DM, hypertension, and smoking status). We tested for
interactions of neighborhood poverty with race/ethnicity
and sex individually in the fully adjusted model, but given
no significant interaction (results not shown), we did not
stratify analyses by either demographic characteristic. Giv-
en mechanistic differences between ischemic and non-
ischemic HF and prior analyses which have demonstrated
an association between IHD and neighborhood poverty, in
sensitivity analyses, we modeled the association between
neighborhood poverty and incident non-ischemic HF after
excluding any participant who experienced both incident
HF and incident IHD in the follow-up period (excluded N
= 139).13, 14 In an additional set of sensitivity analyses
excluding individuals with missing insurance data (N =



Table 1 Baseline Characteristics for Patients with Index Visit between January 1, 2005, and December 1, 2013, Overall, and by Neighborhood
Poverty Tertiles

Overall (N = 28858) Neighborhood poverty tertile*

Low (N = 15952) Intermediate (N = 8474) High (N = 4432)

Baseline characteristics
Age, years 51.4 ± 11.3 51.7 ± 10.9 51.3 ± 11.8 50.5 ± 11.7
Male, N (%) 12280 (42.6) 7296 (45.7) 3460 (40.8) 1524 (34.4)

Race/ethnicity, N (%)
NH White 21526 (74.6) 13600 (85.3) 6093 (71.9) 1833 (41.4)
NH Black 2994 (10.4) 528 ( 3.3) 836 ( 9.9) 1630 (36.8)
Hispanic/Latinx 1397 ( 4.8) 510 ( 3.2) 510 ( 6.0) 377 ( 8.5)
Other 2941 (10.2) 1314 ( 8.2) 1035 (12.2) 592 (13.4)

Current smoking, N (%) 2865 ( 9.9) 1461 ( 9.2) 888 (10.5) 516 (11.6)
Hypertension, N (%) 13802 (47.8) 7438 (46.6) 3989 (47.1) 2375 (53.6)
Systolic blood pressure, mmHg 125.8 ± 16.7 125.7 ± 16.4 125.5 ± 17.0 126.7 ± 17.1
Obesity, N (%) 10408 (36.1) 5623 (35.2) 2916 (34.4) 1869 (42.2)
Diabetes, N (%) 5188 (18.0) 2580 (16.2) 1529 (18.0) 1079 (24.3)
Hemoglobin A1C, % 6.2 ± 1.4 6.2 ± 1.4 6.1 ± 1.4 6.2 ± 1.4
Body mass index, kg/m2 28.8 ± 6.0 28.7 ± 5.8 28.7 ± 6.1 29.6 ± 6.5

For continuous characteristics, the mean ± standard deviation is reported, and for categorical characteristics, the frequency (percent) is reported
Non-Hispanic (NH)
*Neighborhood poverty tertiles were defined by the proportion of households living below the poverty threshold in a census tract. Low-poverty
corresponds to a proportion < 0.073. Intermediate-poverty corresponds to a proportion ≥ 0.073 and ≤ 0.159. High-poverty corresponds to a proportion
≥ 0.160

3722 Rethy et al.: Neighborhood Poverty and Incident Heart Failure JGIM

8,121), we modeled the relationship between neighborhood
poverty and HF adjusting for baseline insurance status in
models 2 and 3.
Geocoding was performed in ArcGIS Pro (ArcGIS Pro

Version 1.3.0; Environmental Systems Research Institute,
Redlands, CA]), and all statistical analyses were completed
using R version 3.6.3 or SAS version 9.4.

RESULTS

Of the 28,858 patients included in this analysis, 15,952 lived
in low-poverty neighborhoods, 8,474 lived in intermediate-
poverty neighborhoods, and 4,432 lived in high-poverty
neighborhoods. Overall, mean (SD) age at index date was
5111 years and was similar across neighborhood poverty
tertiles (Table 1). Race/ethnicity and sex varied by neighbor-
hood poverty categories. In low-poverty neighborhoods, 46%
(N = 7,296) of patients were male compared with 41% (N =
3,460) and 34% (N = 1,524) in the intermediate- and high-
poverty neighborhoods, respectively. NH Black adults and
Hispanic/Latinx adults made up a disproportionate number
of patients residing in high-poverty neighborhoods: NH Black
adults accounted for 10% (N = 2,994) and Hispanic/Latinx
adults accounted for 5% (N = 1,397) of the overall sample, but
37% (N = 1,630) and 9% (N = 377) of those living in high-
poverty neighborhoods, respectively. Cardiovascular risk fac-
tors were common across neighborhood poverty tertiles, but
highest among those residing in high-poverty neighborhoods.
Of the 4,432 patients living in high-poverty neighborhoods,
12% were current smokers, 54% had hypertension, 24% had
DM, and 42% were obese. Rates of incident HF were highest
in the high-poverty neighborhoods (3.5%) and lowest in the
low-poverty neighborhoods (1.3%) (Table 1).

In unadjusted models, residing in a high-poverty neighbor-
hood was associated with a 2.7 times higher risk of HF and
residing in an intermediate-poverty neighborhood was associ-
ated with a 1.5 times higher risk of HF, compared with
residing in a low-poverty neighborhood, respectively (Fig.
3). After adjusting for baseline demographics (age, sex, and
race/ethnicity) and HF risk factors (BMI, DM, hypertension,
and smoking), residing in a high-poverty neighborhood was
associated with 80% higher risk of HF (OR = 1.80, 95% CI:
[1.35, 2.39]) and residing in an intermediate-poverty neigh-
borhood was associated with a 34% higher risk of HF (OR =
1.34 [1.04, 1.73]) compared with residing in a low-poverty
neighborhood (Fig. 3). In this fully adjusted model, demo-
graphic characteristics and HF risk factors were independently
associated with an increased risk of HF (Supplementary Ta-
ble 3). For example, the fully adjusted OR of incident HF was
2.33 (1.79, 3.03) for NHBlack adults and 1.65 (1.11, 2.46) for
Hispanic/Latinx adults compared with NH White adults.
In sensitivity analyses excluding patients with incident HF

and IHD in the follow-up period, residing in a high-poverty
neighborhood was associated with a 74% increased risk of HF
(OR = 1.74 [1.28, 2.37]) and residing in an intermediate-
poverty neighborhood with a 27% increased risk of HF (OR
= 1.27 [0.97, 1.66]) compared with residing in a low-poverty
neighborhood in the fully adjusted model (Table 2).
In further sensitivity analyses adjusting for individual in-

surance status in addition to demographics and HF risk factors,
high-poverty neighborhoods were associated with a 68%
higher risk of HF (OR = 1.68 [1.26, 2.26]) and intermediate-
poverty neighborhoods with a 29% higher risk of HF (OR =
1.29 [0.99, 1.68]) compared with low-poverty neighborhoods
(Table 3). In the fully adjusted model, Medicaid/public insur-
ance was independently associated with 156% higher risk of



Figure 3 a Study overview and b odds ratio of incident heart failure by neighborhood poverty tertiles in unadjusted and fully adjusted models.
This two paneled figure shows a the study overview and b a forest plot demonstrating the odds ratio of incident HF by neighborhood poverty
tertile in model 1, model 2, and model 3. The EHR cohort includes those individuals who met inclusion criteria for this study. The addresses of
these individuals were geocoded and classified as being in a high-, intermediate-, or low-poverty neighborhood. Model 1 is unadjusted, model 2
is adjusted for demographic characteristics (age, sex, and race/ethnicity), and model 3 is adjusted for model 2 + hypertension, DM, BMI, and
smoking. Race was defined as non-Hispanic White, non-Hispanic Black, or Hispanic/Latinx. HF, heart failure; EHR, electronic health record;

OR, odds ratio; CI, confidence intervals.
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HF (OR = 2.56 [1.40, 3.68]) compared with private insurance;
Medicare and self-pay insurance status were not significantly
different than private insurance (Table 3).

DISCUSSION

In this analysis of more than 25,000 patients, residing in a
neighborhood with a higher proportion of people living below
the poverty threshold was independently associated with an
increased risk of incident HF in the short-term. There was
nearly a 2-fold risk of developing HF among those living in a
high-poverty neighborhood compared with a low-poverty
neighborhood even after adjustment for age, race/ethnicity,
and clinical HF risk factors. The risk of HF was higher among
racial/ethnic minority subgroups in each neighborhood pover-
ty tertile after adjusting for shared risk factor burden.
Our analysis is consistent with, and extends, the find-

ings of Akwo et al. in a socioeconomically diverse real-
world cohort that includes patients regardless of insur-
ance status.10 In addition, our work amplifies the value
of clinical EHR data, as it offers the advantage of
objective measurement of risk factor data, including
BMI and systolic blood pressure, unlike administrative

analyses or those based on participant self-report of
medical history. Our cohort additionally included
Hispanic/Latinx patients in addition to NH White and
NH Black patients, extending previous findings to a key
at-risk and growing population in the USA.
While prior research has shown an increased incidence of

key HF risk factors such as DM, hypertension, and obesity in
neighborhoods with a higher burden of poverty, our analysis
shows that neighborhood poverty is independently associated
with incident HF after adjusting for these traditional CV risk
factors.7, 11, 13, 18, 23–25 The increased risk of HF in high-
poverty neighborhoods may be related to inequities in disease
management and access to medical care as well as other, non-
traditional, risk factors such as autoimmune and inflammatory
conditions (e.g., systemic sclerosis, human immunodeficiency
virus).13, 26–29 Additional factors such chronic stress, associ-
ated with residence in high-poverty neighborhoods and worse
CVD outcomes, may also contribute to the increased risk of
HF.30, 31 This increased risk has been postulated to be, in part,
due to activation of inflammatory, atherosclerotic, and fibrotic
pathways.9, 30, 32, 33

Overall, our findings highlight the need to deeply consider
how inequities concentrated in high-poverty neighborhoods



contribute to HF risk. While further study is needed to determine
the precisemechanisms throughwhich residing in a high-poverty
neighborhood contributes to increased risk of HF, insights gained
from research focused on CVD risk factors can help inform
possible interventions. For example, neighborhood-level inter-
ventions such as BP management in Black barbershops or
churches have shown to be effective, and similar, community-
embedded programs may also be important sites of HF preven-
tion in high-poverty neighborhoods.34, 35 In addition, changes to
public policy and investment may also be needed to reduce HF

risk. For example, increasing tree density or green spaces in high-
poverty neighborhoods may be effective in preventing HF in
addition to DM and hypertension, as has been demonstrated in
prior analyses.36 Furthermore, policies such as over-policing and
mass incarceration disproportionately affect people of color in
high-poverty neighborhoods and are associated with poor mental
and physical health outcomes.37, 38 Legislative changes at the
local and national level will be needed to reduce these and other
damaging public policies and should be explored as possible,
non-traditional, vehicles of HF prevention.

Table 3 Odds Ratios (95% Confidence Intervals)* Describing the Association between Neighborhood Poverty and Heart Failure Further
Adjusting for Insurance Status among Patients Whose Insurance Status Could Be Determined (N = 20,737)

Model 1
Unadjusted

Model 2
Adjusted for demographics

Model 3
Further adjusted for risk factors

Neighborhood poverty
Low Ref. Ref. Ref.
Intermediate 1.41 (1.09, 1.82) 1.30 (1.00, 1.69) 1.29 (0.99, 1.68)
High 2.41 (1.87, 3.11) 1.73 (1.29, 2.32) 1.68 (1.26, 2.26)

Demographics
Age at baseline† - 1.08 (1.07, 1.09) 1.07 (1.06, 1.08)
Female (vs. male) - 0.62 (0.51, 0.75) 0.65 (0.53, 0.80)
Race/ethnicity (vs. NH‡ White)
NH‡ Black - 2.59 (1.99, 3.38) 2.08 (1.58, 2.73)
Hispanic/Latinx - 1.65 (1.09, 2.48) 1.43 (0.95, 2.17)
Other - 1.00 (0.70 , 1.43) 1.01 (0.70, 1.45)

Insurance (vs. private)
Medicare - 1.21 (0.89, 1.65) 1.28 (0.94, 1.75)
Public aid/Medicaid - 2.97 (1.63, 5.41) 2.56 (1.40, 3.68)
Self-pay - 1.02 (0.78 , 1.34) 1.08 (0.82, 1.41)

HF risk factors
BMI (kg/m2)† - - 1.04 (1.02, 1.05)
Hypertension - - 1.77 (1.38, 2.27)
Diabetes mellitus - - 1.57 (1.27, 1.94)
Current smoking - - 1.21 (0.88, 1.66)

*Odds ratios were calculated using the mean value for continuous covariates (age = 51.4, BMI = 28.6)
†
Odds ratios for continuous variables (age at baseline and BMI) represent the difference in odds of heart failure for a 1-unit increase in
the metric
‡
Non-Hispanic (NH)

Table 2 Odds Ratios (95% Confidence Intervals)* Describing the Association between Neighborhood Poverty and Heart Failure without
Incident IHD with Varying Levels of Adjustment for Demographics and Known HF Risk Factors

Model 1
Unadjusted

Model 2
Adjusted for demographics

Model 3
Further adjusted for risk factors

Neighborhood poverty
Low Ref. Ref. Ref.
Intermediate 1.44 (1.09, 1.89) 1.25 (0.96, 1.63) 1.27 (0.97, 1.66)
High 2.64 (2.01, 3.46) 1.82 (1.35, 2.46) 1.74 (1.28, 2.37)

Demographics
Age at baseline† - 1.09 (1.08, 1.10) 1.08 (1.07, 1.09)
Female (vs. male) - 0.74 (0.60, 0.92) 0.76 (0.61, 0.95)
Race/ethnicity (vs. NH‡ White)
NH‡ Black - 2.86 (2.14, 3.84) 2.26 (1.67, 3.05)
Hispanic/Latinx - 2.24 (1.46, 3.42) 1.85 (1.19, 2.86)
Other - 1.13 (0.77, 1.67) 1.12 (0.75, 1.67)

HF risk factors
BMI (kg/m2)† - - 1.04 (1.02 , 1.06)
Hypertension - - 1.75 (1.33, 2.30)
Diabetes mellitus - - 1.50 (1.20, 1.88)
Current smoking - - 1.10 (0.78, 1.54)

*Odds ratios were calculated using the mean value for continuous covariates (age = 51.3, BMI = 28.8)
†
Odds ratios for continuous variables (age at baseline and BMI) represent the difference in odds of heart failure for a 1-unit increase in
the metric
‡
Non-Hispanic (NH)
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While the association of neighborhood-level poverty and
race/ethnicity were each independently associated with incident
HF in our analysis, health inequities due to neighborhood poverty
and race/ethnicity are tightly interrelated due to fundamental root
causes, such as systemic and structural racial discrimination in the
USA.39–41 Indeed, we found that NH Black and Hispanic/Latinx
adults were more likely to live in high-poverty neighborhoods.
After adjusting for neighborhood poverty and other demographic
and clinical risk factors, the risk of HF in NH Black adults was
more than twice that of NH White adults and the risk of HF in
Hispanic/Latinx adults was more than 1.5 times higher than NH
White adults. While the increased risk of HF in NH Black
compared with NH White adults has been repeatedly demon-
strated, less contemporary data exists on the risk of HF in
Hispanic/Latinx adults.29, 42–44 Our findings, though, of an inter-
mediate risk of HF among Hispanic/Latinx adults between NH
Black and NHWhite adults align with the very limited data that
exists.45, 46 Notably, these HF-specific findings are in contrast
with other epidemiologic studies which have shown that in spite
of higher rates of CV risk factors, there are lower rates of CVD
and CVDmortality in Hispanic/Latinx adults compared with NH
White adults—the so-called Hispanic Paradox.47 But, recently,
studies have questioned these findings pointing to the heteroge-
neity of the category of Hispanic/Latinx and the varying risk of
CVD events and mortality by ethnic subgroup.48 Future research
in large, well-characterized cohorts is needed to explore drivers of
increased risk of HF in this growing and diverse population.
There are important limitations of this study. First, the

observational nature of this analysis limits our ability to make
statements regarding causality or the directionality of the
associations observed. Second, covariates and outcomes were
based on EHR data collected for clinical care limiting avail-
able variables and potentially leading to misclassification.
However, manual adjudication of multiple chronic conditions
has demonstrated good sensitivity and specificity of EHR
data.49, 50 Because this study examined risk factors at one
time-point, we were unable to assess differences in risk asso-
ciated with varying cumulative exposure. While prior analyses
have shown differences in cardiovascular outcomes by cumu-
lative exposure to traditional risk factors, less is known about
the impact of changes in neighborhood poverty during adult-
hood on cardiovascular outcomes.51, 52 Future studies should
investigate this question. Additionally, echocardiographic var-
iables such as left ventricular ejection fraction (LVEF) were
not available within the dataset precluding analyses by HF
subtype (i.e., reduced vs. preserved ejection fraction). While
we were able to show that the relationship between neighbor-
hood poverty and HF persisted when those with incident IHD
were excluded, we were unable to determine the etiology of
HF for all participants given constraints of the dataset. Future
analyses should determine whether the relationship between
neighborhood poverty and incident HF differs by HF subtype.
Third, individuals may have received medical care at outside
institutions and relevant diagnoses may be missing, which
may have led to over or under-estimation of the association

between neighborhood poverty and incident HF. Fourth, the
association between neighborhood poverty and incident HF
may be significantly related to individual-level associations
between socioeconomic status and incident HF. While we
were unable to adjust for individual-level income or educa-
tional attainment due to limitations of the dataset, in sensitivity
analyses adjusting for participants’ personal health insurance
(an individual-level socioeconomic factor), we found that the
association between high-poverty neighborhoods and incident
HF persisted, although the effect size was attenuated. Resi-
dents of socioeconomically disadvantaged neighborhoods
may experience additional stress related to policing, absence
of green-space, and underfunded school systems, independent
of individual socioeconomic status.40 Finally, this analysis is
based on records from a single health system, so applicability
to other geographic locations and patient population may be
limited. However, use of a real-world sample from a large
healthcare network that serves both insured and uninsured
patients and includes data from over 200 primary care loca-
tions may improve generalizability.
In conclusion, this analysis shows a significant and a graded

association between level of neighborhood poverty and inci-
dent HF, indicating that HF prevention and management will
need to consider and integrate residential and environmental
social determinants of health. It also highlights the higher risk
of HF in NH Black and Hispanic/Latinx adults that is further
compounded by residing in an area with a higher proportion of
individuals living below the poverty threshold. Finally, this
analysis demonstrates the potential of EHR data to clarify
associations between neighborhood-level factors and incident
HF and provides a template by which health systems might
identify at-risk patients and develop community-engaged HF
prevention and management strategies.
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